We describe the anesthetic management and implications of 2 patients with anti-N-methyld-aspartate (NMDA) receptor encephalitis. Anti-NMDA receptor encephalitis is a neurological disorder caused by production of antibodies to the NMDA receptor. The NMDA receptor is the target of many drugs used in anesthesia. It is important to understand the pharmacologic interactions these anesthetics have with a disabled NMDA receptor while preparing an anesthetic plan for patients with anti-NMDA receptor encephalitis. Symptoms of the disease such as psychosis, paroxysmal sympathetic hyperactivity, and central hypoventilation pose risks to the induction and maintenance of anesthesia in these patients. (Anesth Analg 2011; 113:1188 -91) N -methyl-d-aspartate (NMDA) receptor encephalitis is a recently identified neurological disorder. It was originally described in women with ovarian teratomas who presented with paroxysmal sympathetic hyperactivity (PSH), hypoventilation, psychosis, and memory impairment that progressed to neurological deficits requiring intensive care unit (ICU) support. 1 The anesthetic implications of caring for these patients are not defined. Only 1 case of anesthesia for a pediatric patient with the disease has been reported. 2 We describe 2 patients in this report. The first case is that of a woman with anti-NMDA receptor encephalitis and a left cystic ovarian mass who presented for left-sided laparoscopic oopherectomy and salpingectomy. The second case is a man with anti-NMDA receptor encephalitis who presented for an open gastrostomy tube change and subsequent tracheostomy. The authors sought and received permission from the IRB of the hospital of the University of Pennsylvania to publish this case report.
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CASE REPORT
A 20-year-old woman (ASA physical status [PS] IV, 165 cm, 91 kg) with anti-NMDA receptor encephalitis and a left ovarian cyst was scheduled for a left laparoscopic oopherectomy and salpingectomy under general anesthesia. Her medical history was significant for asthma, obesity, and an ongoing prolonged ICU course secondary to her poor neurological status. The patient presented to an outside hospital 2 months before surgery when roommates found her at home confused and disoriented. She was treated for aseptic meningitis and discharged home. After discharge, she became more somnolent and confused and began to show signs of seizure activity. Upon readmission, an indirect fluorescent antibody test, which detects antibodies against the NMDA receptor found in serum, confirmed the diagnosis of anti-NMDA receptor encephalitis and a computed tomography (CT) scan of the abdomen showed a dominant follicle in the left ovary. The patient underwent tracheostomy and percutaneous endoscopic gastrostomy tube placement at the outside hospital before transfer to our institution for surgical management of her left ovary. In our ICU the patient remained severely encephalopathic, agitated (requiring 2-point restraints with sedation), and ventilator dependent. The patient required hydromorphone 8 mg/hr and lorazepam 10 mg/hr during her ICU course for sedation.
On arrival in the operating room, general anesthesia with isoflurane was induced through the patient's 6.0 cuffed tracheostomy tube. Anesthesia was maintained with a minimum alveolar concentration (MAC) of isoflurane 1% to 1.5% throughout the case and hydromorphone 3 mg IV was given for intraoperative pain control. Muscle relaxation was achieved with the use of vecuronium 26 mg. The case proceeded uneventfully, and upon completion she was given midazolam 2 mg for transport back to the ICU. Twenty-four hours postoperatively, the patient was started on broad-spectrum antibiotics for a fever of 102°F. She remained encephalopathic in the ICU after surgery with no immediate improvement in her neurological status.
The second case was a 22-year-old man (ASA PS IV, 168 cm, 59 kg) who was scheduled for an open gastrostomy tube change. His medical history was significant for varicella meningitis in 2005, asthma, and anti-NMDA receptor encephalitis. He presented to an outside hospital after 3 weeks of decreased sleep, fast thoughts, agitation, and paranoia. While in the hospital, he experienced periods of waxing and waning consciousness, muscle spasms, and PSH with periods of hypertension and tachycardia. He was diagnosed with anti-NMDA receptor encephalitis and was transferred to our institution. While in our ICU, he continued to have periods of PSH, tremors, and hypoventilation. A scrotal ultrasound excluded the presence of any testicular mass.
Upon arrival in the operating room, general anesthesia was induced with propofol 50 mg, fentanyl 225 mcg, and rocuronium 20 mg to facilitate tracheal intubation with a 7.0 oral cuffed endotracheal tube. Anesthesia was maintained with inhaled desflurane. Fentanyl was given via IV bolus throughout the case with a total of 325 mcg provided. The procedure went smoothly, and the patient remained intubated for transport back to the ICU after case conclusion. Although the patient was successfully tracheally extubated the morning after surgery, over the next 48 hours the patient continued to have PSH with periods of agitation and hypoventilation eventually requiring reintubation in the ICU. After reintubation the patient underwent tracheostomy 2 weeks later. During the tracheostomy procedure, propofol 80 mcg/kg/min, fentanyl 100 mcg/hr, and a 0.5 MAC desflurane were well tolerated by the patient. Large doses of hydromorphone 6 mg/hr and lorazepam 7 mg/hr along with propofol 70 mcg/kg/min were needed to help sedate the patient during his ICU course.
DISCUSSION
In this case report we describe the anesthetic management of 2 patients with a recently described neurological disorder. Anti-NMDA receptor encephalitis is a syndrome associated with antibodies to the NMDA receptor. First described in 2007, Ͼ400 patients have now been identified, and some estimate this disease may account for up to 1%-4% of cases of encephalitis. 3, 4 Early stages of the disease are characterized by symptoms of psychosis, memory deficits, seizures, and language disintegration which progress to a state of decreased responsiveness and catatonia. This latter stage is often accompanied by PSH including hyperthermia, tachycardia, hypertension, bradycardia and hypotension, hypoventilation requiring respiratory support, orofacial dyskinesias, and motor or complex seizures. According to Dalmau et al., 5 about 80% of patients diagnosed with the disease are women, and it is most common between the ages of 19 and 24 years. The disorder is frequently associated with ovarian teratoma. About 75% of patients recover completely or have only mild sequelae; the remainder are severely disabled or die. There is an indirect fluorescent antibody test that detects antibodies against the NMDA receptor found in patient's serum or cerebrospinal fluid. Treatment modalities include chemotherapy, plasmapharesis, IV immunoglobulin, removal of teratoma if present, and supportive care. Some neurologists advocate the use of chemotherapy, regardless of tumor presence, due to their belief in the true paraneoplastic nature of the disease. Recovery may require 3 to 4 months of hospital care, followed by several months of rehabilitation. 5 During the acute phase of their illness, most patients have either normal or atypical brain magnetic resonance imaging findings and only diffuse slowing or occasionally epileptiform abnormalities on surface electroencephalogram. 6 NMDA receptors are excitatory, tetrameric receptors with 2 classes of subunits: NR1 and NR2 that bind glycine or glutamate. Dysregulation of NMDA receptors has been linked to schizophrenia, Alzheimer's, and Parkinson's. 7 In anti-NMDA receptor encephalitis, NMDA receptor antibodies decrease NMDA receptor surface density and synaptic localization via selective antibody-mediated capping and internalization of surface NMDA receptors. 8 Hence, drugs such as ketamine, methadone, and the inhaled drug nitrous oxide (N 2 O), which act at the NMDA receptor, may behave unpredictably.
NMDA receptors are 1 of 2 receptors (along with ␥-aminobutyric acid [GABA A ]) most associated with the actions of anesthetics. 9 Halogenated anesthetics act on the NMDA receptor, reducing NMDA-activated currents; however, their effects on GABA A receptors may be dominant. 10 -12 NMDA receptors likely mediate the anesthetic effects of both xenon 13 and N 2 O. 14 Xenon has been shown to reduce the NMDA-activated currents in hippocampal neurons. 15 N 2 O reduces NMDA receptor-mediated excitatory currents in the basolateral amygdala, an area associated with anesthesia-induced amnesia, formation of aversive memories, fear, and addictive behavior. 16 Phencyclidine and ketamine are well-known NMDA receptor antagonists. Ketamine provides analgesic and anesthetic effects without respiratory and cardiac depression. Ketamine binds to the phencyclidine binding site in the ion channel of the NMDA receptor, inhibiting glutamate-triggered calcium influx. 17 NR2 knockout mice have been shown to be resistant to the anesthetic effects of numerous drugs, including those known to act at the NMDA receptor such as ketamine and N 2 O, but also (to a lesser extent) to those with primary action at the GABA A receptor, including pentobarbital, propofol, diazepam, and midazolam. This finding was unexpected and suggests that the NMDA receptor may play some indirect role in these drugs' actions in vivo. 18, 19 The resemblance of these patients to those who are taking ketamine is strikingly similar (hallucinations, psychosis, tachycardia), and this disease may serve as a natural human model for much of the physiology of ketamine. Alternatively, the possibility exists that we might learn more about anti-NMDA receptor encephalitis on the basis of our current knowledge of ketamine.
NMDA receptors are also involved in regulation of chronic pain, and antagonists have been shown to augment analgesia from opioids in acute and chronic settings, block development of tolerance, and suppress symptoms of withdrawal. Although NMDA receptor antagonists LY235959, R(ϩ)-HA-966, and ifenprodil did not have an analgesic effect when given alone, they were shown to enhance the acute antinociceptive effects of opioids. 20 NMDA receptor antagonists ketamine and dextromethorphan improve postoperative pain control and reduce opioid requirements when given before painful stimulus, a concept known as preventive analgesia. 21 It does not appear that these patients had any reduction in their requirements for hypnotics or opioids.
Methadone also acts as an NMDA receptor antagonist. Intrathecal methadone has been shown to block morphine tolerance and NMDA-induced hyperalgesia in rats. 22 This antagonism of NMDA receptors is thought to explain methadone's usefulness in chronic pain patients tolerant to other opioids. Researchers were also able to block development of tolerance to the hypnotic effects of dexmedetomidine with NMDA receptor antagonists MK-801 and ketamine. Interestingly, this effect was not seen once tolerance had developed, indicating that the antagonists block the synaptic plasticity involved in the development of tolerance. 23 NMDA receptor encephalitis presents many interesting management challenges to the anesthesiologist. Understanding of the disease process may guide the theoretical considerations in development of the anesthetic plan. Given the severe dysregulation of NMDA receptormediated pathways in this disease, it is probably wise to avoid use of drugs that act through these receptors, including ketamine, N 2 O, and methadone. Medications with indirect interaction with NMDA receptors could still be considered for use. Several important medicationsincluding propofol, isoflurane, desflurane, vecuronium, rocuronium, fentanyl, and hydromorphone-were well tolerated in the cases we present. Anesthesiologists should also be prepared for the PSH that is frequently seen with this disorder and might not otherwise be expected in a young patient. It would be prudent to have vasopressors, ␤-blockers, antihypertensives, and anticholinergics readily available during the case, so that any autonomic instability can be dealt with in a timely fashion. PSH has recently been described in patients suffering from severe traumatic brain injury, and as we learn to take care of these patients, management principles learned in traumatic brain injury patients may be usefully applied to anti-NMDA receptor encephalitis patients. 24, 25 Although the second patient had PSH in the ICU postoperatively, the 2 patients presented here had no PSH intraoperatively; hence there is the possibility that volatile anesthetics could blunt the autonomic hyperactivity seen in this patient population.
In conclusion, this case report explained the presenting symptoms and the specific anesthetic issues for patients diagnosed with anti-NMDA receptor encephalitis. There is currently no literature describing the anesthetic management of this patient population. Hence, it would be prudent to avoid drugs that antagonize or act indirectly at the NMDA receptor (Table 1 ) until further research is conducted. Drugs known to antagonize the NMDA receptor by binding to the NR1 or NR2 subunit are considered to be direct acting. Whereas drugs that antagonize the NMDA receptor through an alternative method are considered indirect acting. PCP ϭ phencyclidine; N 2 O ϭ nitrous oxide.
